Abstract
Introduction
Glaucoma is an optic neuropathy characterized by the gradual death of retinal ganglion cells (RGCs) and their axons, leading to visual field loss [1, 2] .Because of the chronic, imperceptible, and progressive nature of this disease, diagnosis at the asymptomatic stage is difficult for some patients. Thus, timely detection and evaluation of glaucomatous damage through structural and functional analyses are important.
The development of a noninvasive optical imaging technique (OCT) with high-axial-resolution images has enabled clinicians to obtain reproducible measurements of the thicknesses of many layers of the retina [3, 4, 5] . The RTVue-100 OCT allowed integrated and automatic scanning and measurement of the thickness of the macular ganglion cell complex (mGCC). The mGCC thickness is comprised of the retinal nerve fibre layer (RNFL), retinal ganglion cell (RGC) layers, and the inner plexiform layer, which is directly influenced by glaucomatous ganglion cell loss [6, 7] . Thus, the mGCC thickness might be an important indicator of early glaucoma. In fact, several studies have found that the mGCC thickness in glaucoma patients was thinner than in normal subjects and that it was a good diagnostic value for detecting glaucoma [8, 9, 10] .
It has been reported that interocular asymmetry in the optic nerve head and RNFL is an early sign of glaucomatous damage [11, 12] . This raises the question of how to define interocular asymmetry in the mGCC thickness and whether it is also an early sign of glaucomatous damage. It would be useful to know the normal range of interocular variation in mGCC thickness and its associated factors.
Juvenile-onset open-angle glaucoma is an uncommon type of primary open-angle glaucoma that usually affects subjects during childhood or early adulthood. However, there is only limited data focusing on the ocular parameters of normal juveniles which attenuates it's value in the detection of juvenile glaucoma. In addition, limited data are currently available regarding interocular symmetry of mGCC thickness in normal populations-especial in juveniles. Thus, the present study measured and assessed the interocular symmetry of mGCC thickness profiles in young Chinese subjects to establish the limits beyond which a clinician should suspect a pathological condition.
Methods

Subjects and enrolment criteria
This was an observational, cross-sectional study approved by the Ethical Review Committee of the First People's Hospital affiliated with Shanghai JiaoTong University. The study abided by the tenets of the Declaration of Helsinki. Written informed consent was obtained from each participant in the study, which took place between June 2015 and July 2015. Eligibility was determined for each subject in a thorough ophthalmic examination, including best-corrected visual acuity (BCVA), slit-lamp examination, intraocular pressure (IOP) measurement, refractive error by optometry (Nidek AR-310A, Japan), spherical equivalent (SE) which was calculated as the sum of the spherical power and half of the cylinder power [13] , fundus examination, axial length (AL) measurement (IOL Master; Carl Zeiss Meditec, La Jolla, CA, USA), and central corneal thickness (CCT) measurement. All the subjects completed a questionnaire assessing demographic information and medical history, and underwent anthropometric examination which included heart rate, blood pressure, and body mass index (BMI). Heart rate and blood pressure were measured at the time of the OCT imaging.
The inclusion criteria were BCVA of 20/20 or better, age between 18 and 32 years, normal IOP, good-quality OCT images, and absence of glaucomatous optic neuropathy. The exclusion criteria were any ocular disease except ametropia, history of ocular hypertension or glaucoma, history of ocular surgery, any systemic disease, and inability to tolerate OCT angiography.
Optical coherence tomography scanning procedure
All subjects were examined with the Fourier-domain OCT system (RTVue-100, Optovue, Fremont, CA, USA) using the scan protocol "GCC" (ganglion cell complex) by an experienced technician blinded to the patient's data. The Fourier-domain OCT imaging was performed as described in previous studies [14, 15] . In brief, all the subjects were required to gaze at the fixation target in the OCT machine. The GCC scan protocol was centered 1mm temporal to the fovea and covering a 7 mm ×7 mm area of the central macula. Three average mGCC thickness parameters (superior, inferior, and average) were analyzed. The term "mGCC thickness parameters" refers to the thickness of all macular layers between the internal limiting membrane and the inner plexiform layer in the area above or below the horizontal meridian, or their average. Poorquality images, defined as those with a signal-strength index less than 40, were excluded [14] .
Statistical analyses
Statistical analyses were performed using SPSS software package (Version 17.0; SPSS Inc., Chicago, IL, USA). For all the tests, a p value < 0.05 was considered significant. The interocular differences in mGCC thickness were summarized by their mean, median, 95% confidence interval, and range. The limits of the normal range for interocular differences in mGCC thickness were established as the 2.5th and 97.5th percentiles. The values from the two eyes were compared using the paired t test. Bland-Altman plots for interocular mGCC thickness agreement were performed by calculating the difference between right and left eyes plotted against the mean thickness of the two eyes. Horizontal dashed lines were drawn at the 95% limits of agreement, which were defined as the mean difference ±1.96 × standard deviations (SD) of the differences. The correlations between right and left eyes were analyzed by Pearson correlation analysis, which was also performed to evaluate the relationships between the mGCC thickness and IOP at imaging, SE, AL, CCT, systolic ocular perfusion pressure, diastolic ocular perfusion pressure, and mean ocular perfusion pressure in each eye, as well as age, gender, heart rate, systolic blood pressure, diastolic blood pressure and BMI. The relationships between the interocular difference in the average mGCC thickness and the potential factors were evaluated by univariate and multivariate linear regression analysis. Univariate regression analyses were performed separately for each variable; subsequently, variables with a probability value of less than 0.05 were included in the multivariate analysis by a stepwise method.
Results
Demographics and clinical characteristics of the subjects
Of all the recruited subjects for this study, one subject was excluded because of a glaucoma diagnosis and another subject was excluded after a finding of choroidal neovascularization. Three more subjects were excluded because they did not finish the OCT examination. The final sample set consisted of 158 subjects (316 eyes). The percentage of females was significantly higher than males. The mean age of the subjects was 25.95 ± 1.78 years. SE ranged widely, from 3.75 diopters (D) to -10.375 D, with a mean of -3.78 ± 2.54 D. The range of AL was between 21.31 to 28.14mm (mean 24.95 ± 1.18mm). The mean IOP at imaging was 16.34 ± 2.71 mmHg, and the mean central corneal thickness was 538.28 ± 33.97μm. Demographic and baseline clinical characteristics are summarized in Table 1 .
mGCC thickness
The mean superior mGCC thickness and inferior mGCC thickness were 98.43± 5.70μm and 98.00± 5.79μm, respectively, with a significant difference. The mean average mGCC thickness of all eyes was 98.16 ± 5.53μm. For the right eyes, the mean average mGCC thickness was 98.26 ± 5.54, and for the left, 98.07 ± 5.54 μm, with a mean difference of 0.19 ± 2.69 μm (p = 0.381). The mean superior mGCC thickness in the right eye (98.54 ±5.64 μm) was 0.22 ±3.14 μm thicker than in the left eye (98.32 ±5.79 μm); the difference was not significant (p = 0.385). Similarly, the differences were not statistically significant for the inferior mGCC thickness between the right and the left eyes (p = 0.343). The interocular differences in the mGCC thickness between right and left eyes are listed in Table 2 .
The percentile distributions of the interocular asymmetry in mGCC thickness are displayed in Table 3 , and the mean distribution of interocular differences in the average, superior, and inferior mGCC thickness is shown in Fig 1. The 2.5th and 97.5th percentiles of interocular difference tolerance limits for mean average mGCC thickness were -4.82 μm and 4.38 μm, in superior mGCC thickness-6.67 μm and 7.04 μm, and in inferior mGCC thickness, -6.75 μm and 6.27 μm. To look at the data from an interocular agreement perspective, we performed a Pearson correlation analysis, and the detailed results are displayed in Table 4 and Fig 2. The correlation coefficient of the association between the average mGCC thickness in the right and left eyes was r = 0.882, indicating a high interocular symmetry. The right and left eyes were also wellcorrelated at the superior mGCC thickness (r = 0.849; p<0.001) and the inferior (r = 0.835; p<0.001). The Bland-Altman plot showed a good agreement between fellow eyes in average, superior, and inferior mGCC thickness (Fig 3) .
Factors influencing the mGCC thickness
Pearson correlation analysis was performed to evaluate the relationships between the mGCC thickness and potential factors. The result showed that strong positive correlations were found .001) mGCC thickness and SE. Increasing AL was associated with a decrease in average, superior, and inferior mGCC thickness in both eyes. The detailed correlation analysis was summarized in Table 5 .
Factors influencing interocular differences in average mGCC thickness
With regard to interocular differences of average mGCC thickness, univariate and multivariate regression analyses were performed to determine the associated factors. The interocular difference in the average mGCC thickness was significantly correlated with age (p = 0.029), interocular difference of the SE (p = 0.007), and interocular difference of the AL (p = 0.022). Subsequently, variables with a probability value of less than 0.05 were included in the multivariate analysis by a stepwise method, and the multiple regression analysis showed that interocular difference in SE (p = 0.007) were independently correlated with the interocular difference in average mGCC thickness. Table 6 displays the detailed result of regression analyses of interocular differences of average mGCC thickness. The scatter plots are displayed in 
Discussion
It is well-known that the macula plays an important role in visual function and that it has attracted a large number of researchers. The mGCC, which includes the RNFL, RGC layers, and inner plexiform layer, has been the focus for diagnosis of glaucoma [16, 17] . The mGCC thickness is comparable to the RNFL thickness as a diagnostic indicator of glaucoma [15] . Therefore, early detection of mGCC damage is useful for the management of glaucoma. With the recent technological enhancements in OCT, clinicians can detect mGCC damage in a more quantitatively reliable manner. Generally, glaucoma is a bilateral disease; however, it often shows asymmetric characteristics. Therefore, determining the normal cutoff values for interocular differences of mGCC would help detect glaucoma in a more timely fashion. If the interocular asymmetry exceeds normal limits, it should alert the clinician to possible glaucomatous damage and be an indicator for further examination. Thus, the aim of this study was to comprehend the interocular symmetry of mGCC thickness in young Chinese subjects.
To the best of our knowledge, our study is the first to investigate the interocular symmetry of mGCC thickness in young subjects using the RTVue-100 OCT. When the right and left eyes were compared, moderate symmetry was found to exist in the mGCC thickness. Bland-Altman plots showed that the difference between the right and left eyes was evenly dispersed around the mean and that the interocular differences at any of the macular regions (superior, inferior, and average) were not statistically significant. Additionally, the correlation analysis displayed a high correlation between the superior, inferior, and average mGCC thickness measurements of fellow eyes. The correlation coefficients were all above 0.8, which implied a high correlation and further confirmed the symmetry in bilateral eyes. Generally speaking, values corresponding to the central 95 percentiles should be considered normal. Therefore, values below the 2.5th and above the 97.5th percentiles represent outliers and could indicate pathology. In the present study, the cut-off limits for normal interocular differences (between the 2.5th and 97.5th percentiles of normative data) of mGCC thickness were -6.67 and 7.04 μm, -6.75 and 6.27 μm, and -4.82 and 4.38 μm for the superior, inferior, and average measurements, respectively. The clinical significance is that any interocular asymmetry which exceeds these cut-offs could indicate potential disease and it should call for our attention to perform a further examination to determine whether they have any eye diseases. It might be worth following up to see whether any of them could develop glaucoma in the future. According to these findings, the interocular symmetry of mGCC thickness measured by OCT can help to distinguish normal from glaucomatous eyes.
A Pearson correlation analysis was performed to determine the factors associated with mGCC thickness in both the right and left eyes. The results showed that mGCC thickness in both eyes was significantly correlated with AL and SE. Zhao et al. [18] and Hirasawa et al. [19] reported thicker mGCCs in adult eyes with shorter AL. Zhao et al. [20] also found that mGCC thicknesses were significantly associated with SE. This is consistent with our findings. It is worth noting that in the present study, the correlation coefficients of the superior, inferior, and average mGCC thickness with SE and AL were quite similar in both eyes. This also implied the interocular symmetry of mGCC.
In the past few years, numerous studies have focused on the interocular difference in RNFL thickness as an indicator of glaucoma. For example, Lee et al. [21] reported statistically significant interocular differences in RNFL thickness. Park et al. [22] , using the Stratus OCT, found that the nasal and temporal sectors of the RNFL were significantly thicker in the right eye than in the left. Hwang et al. [23] demonstrated that significant interocular differences in RNFL thickness exist in healthy eyes. Unlike the results of previous studies in which RNFL thickness was assessed, the present study assessed the average, superior, and inferior mGCC thickness and showed no statistically significant interocular asymmetry. These two parameters could be diagnostic indicators of glaucoma. In addition, the GCC layer included the RNFL; however, the two parameters displayed different symmetry characteristics. Possible explanations for this difference could be that it is region-specific. We speculated that macular parameters might be more symmetrical than those of the RNFL. In fact, this phenomenon was found in other studies. Altemiret al. [24] assessed interocular symmetry in RNFL thickness and macular thickness and found that macular thickness was symmetrical but RNFL thickness was not. Chen et al. [25] also assessed interocular symmetry of macular choroidal thickness at the fovea and found it to be highly symmetrical.
When assessing the correlated factors of interocular difference in the average mGCC thickness, in univariate analysis, the interocular difference in the average mGCC thickness was significantly correlated with age, interocular differences of SE, and interocular differences of AL. In a multivariate analysis, we found that the interocular difference in the average mGCC thickness increased with the increased interocular differences in SE. These findings suggest that interocular differences in SE should be taken into account when evaluating interocular symmetry in the mGCC thickness.
The strengths of this study were first, the young age of the subjects, with no confounding factors of systemic diseases or ocular pathology, and that they could fixate well on the target during the imaging. Second, the subjects received a comprehensive ocular examination with detailed biometric measurements. Third, this was the first study to investigate the interocular symmetry of mGCC thickness with a relatively large sample size.
The limitations of our experiment that should be considered when discussing the results are first, that the included subjects were all young adults, resulting in a narrow age range and lack of data from older subjects. However, these data will informative in constructing normative profiles for clinical and research purposes in those Juvenile-onset open angle glaucoma diagnosis. Second, the present study only included Han Chinese subjects and thus lacked ethnic variety. Third, our study recruited only healthy subjects; it therefore lacked data regarding the interocular symmetry of mGCC thickness in the glaucoma population.
In summary, our study demonstrated no significant interocular asymmetry in the average, superior, and inferior mGCC thicknesses in young Chinese subjects, and the cut-off limits for normal interocular differences of average mGCC thickness were -4.74μm and 4.27μm. Interocular differences exceeding these values should be considered significantly asymmetrical and suggestive of pathology.
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